The relationship between personality and life span is not well understood, and no study to date has examined genetic influences underlying this relationship. The present study aimed to explore the phenotypic and genetic relationship between personality and life span, as well as genetic influences on all-cause mortality. Methods: Prospective community-based study including 3752 twin individuals older than 50 years. Neuroticism, psychoticism, extraversion, and social desirability and pessimism/optimism were measured at baseline using the Revised Eysenck Personality Questionnaire and the Revised Life Orientation Test, respectively. Information on age at death was obtained 16 years after the initial assessment of personality. Results: Extraversion was inversely related to mortality with the risk of death decreasing 3% per unit increase of the extraversion score. Psychoticism and pessimism were positively related to mortality with a 36% and 39% increase in risk of death per unit increase in the respective personality score. Heritability of life span was 7%. Cross-twin cross-trait hazard ratios (HRs) were only significant for optimism/pessimism in monozygotic (MZ) twins with no significant differences in HRs between MZ and dizygotic twins in all traits; however, there was a trend for slightly higher HRs in MZ compared with dizygotic twins in psychoticism and optimism/pessimism. Conclusions: Extraversion, psychoticism, and optimism/ pessimism are significant predictors of longevity; extraversion is associated with a reduction, and pessimism and psychoticism are associated with an increase in mortality risk. Genetic influences on longevity in Australian twins are very low (7%). Our data also suggest a small, albeit nonsignificant, genetic influence on the relationship of pessimism and psychoticism with life span. Key words: longevity, heritability, personality, genetic architecture, mortality, life span. DZ = dizygotic; MZ = monozygotic; SES = socioeconomic status; HR = hazard ratio; BMI = body mass index.
INTRODUCTION
P ersonality can be defined as the characteristics of a person that account for consistent patterns of feeling, thinking, and behaving (1) . The effect of personality on physical health and life span has been and continues to be an important topic in several areas of health care. Considering not only the increase in life expectancy but also the age-related decline in various cognitive and physical domains, the idea of predicting health behavior and mortality based on personality traits is of high interest to the public health system.
A growing number of studies have investigated the relationship between personality and longevity throughout the human life span (2Y14). Although most studies reveal a significant personality-mortality association after controlling for other factors influencing mortality (e.g., socioeconomic status [SES] , hypertension, smoking and drinking behaviors, physical activity, marital status, education), the findings are partly inconsistent, and only few studies are well replicated. Some studies have not used well-validated personality questionnaires to explore the relationship between personality and mortality, and the range of personality traits measured has varied widely. In addition, many have used relatively short (e10 years) follow-up periods (2, 3, 6, 7, 9, 11, 13, 15) or relied on specific samples of the population, for example, only men or clinical samples (16, 17) . Furthermore, health-relevant behaviors promoting health or putting it at risk (e.g., smoking, social relationships, or regular visits to the physician) may underlie the association between personality and longevity, but this has not been investigated to any great extent. It is possible that shared genes underlie health or health behavior and particular personality traits (6) , but no study to date has explored the extent of genetic and environmental covariation of personality and longevity. Heritability for personality traits ranges from 40% to 50% (18Y21). In addition, a life span heritability of 20% to 54% (22Y26) has been reported, mainly in Scandinavian samples, with some indication of a higher heritability for men than for women (26) and an increase of heritability of life span after the age of 60 years (22) .
The present study has three aims. First, to extend and replicate previous findings on the relationship between personality (extraversion, neuroticism, psychoticism, social desirability, and pessimism/optimism) and life-span utilizing a large population based sample of ageing twins. We use a well-validated and reliable personality questionnaire and a 16 year follow-up period, considerably longer than most previous studies. In addition, we include several important covariates (health behaviors) in order to explore whether they may function as mediators between personality and longevity. This is also the first study to include psychoticism and social desirability as predictors of mortality. Second, this paper is the first to explore heritability of longevity in an Australian sample and a comparatively recent birth cohort (born 1899-1944). Third, we aim to extend previous studies by exploring genetic and environmental influences on the (in our sample) significant relationships between several personality estimates and mortality.
METHODS Participants
Between 1993 and 1995, a questionnaire was mailed to 4562 individuals older than 50 years who were registered with the Australian Twin Registry (27 ] ) women, 114 DZ men, 365 DZ opposite-sex twin pairs, and 464 single twins without the co-twin participating. Zygosity was assessed using a standard questionnaire evaluating the degree of physical similarities during childhood. This tool has been shown to be very reliable (28, 29) . In 5% of the sample, we subsequently confirmed zygosity through genotyping microsatellite markers across the genome (30) . Further details of the questionnaire, sampling methods, zygosity determination, and the questionnaire are described elsewhere (31, 32) .
Measures Longevity
Because the present article is focusing on normal variation in life span, age at death is used as the primary phenotype of interest here. All participating twin individuals were matched to the Australian National Death Index in January 2010 (approximately 16 years after filling in the original questionnaire) to obtain age at death and cause of death (coded according to the International Classification of Diseases, Tenth Revision) for those who had died during the follow-up interval. Data on all-cause mortality were available for the sample until December 31, 2009.
Personality
Neuroticism, Psychoticism, Extraversion, and Social Desirability
The short version of the Revised Eysenck Personality Questionnaire consists of four subscales: neuroticism, psychoticism, extraversion, and social desirability (lie); each assessed with 12 items scored on a 2-point response set (yes/no) (33) . The item score for each of the three subscales was imputed with the mean in cases where fewer than three items (25%) were missing; if more items were missing, the respondent's scale score was treated as missing. Scores more than 3 SD above the mean were Winsorized (i.e., psychoticism scores for 12 twins). Because the distribution of the neuroticism and psychoticism scales were skewed, a square root transformation was performed.
Optimism/Pessimism
The Revised Life Orientation Test of optimism and pessimism (34) consists of 10 items, with 3 items assessing optimism, 3 items assessing pessimism, and 4 acting as filler items, scored on a 3-point Likert scale (''yes,'' ''don't know,'' and ''no''). The optimism and pessimism items of the scale can either be examined separately or be treated as a one-dimensional scale (as in the present study) by simply reversing the scores of the three negatively worded items and then adding up the item scores of the six items (34) . Final scores ranged between 6 and 18. Twenty-seven scores slightly below 3 SD of the mean were Winsorized. Because the scale was negatively skewed, it was reflected, and a log transformation was applied, so that a low total score indicated optimism, and a high total score indicated pessimism.
Covariates
Sociodemographic Factors (SES, Age, and Sex) Age, sex, and SES were included as covariates. SES was coded using the Australian Socioeconomic Index 2006, an occupation status scale that provides the means for converting official occupational classifications into occupational status scores (35) . As suggested by McMillan et al. (35) , if the occupational status score was missing (i.e., no occupation at the time of survey), the past occupation was used to calculate the Australian Socioeconomic Index 2006 score (35) , or if not available, the score was substituted with the current (or past) partner's occupational status score. If neither (past) occupation nor spouse's (past) occupation was available, the score was substituted with an individual's (or if not available, the partner's) educational attainment.
Health Behaviors (Cigarette and Alcohol Consumption, Exercise, and Body Mass Index)
The number of cigarettes smoked per day in different phases of life (teens, 20-to 29-year-olds, 30-to 39-year-olds, 940-year-olds, and during the last 12 months) and the number of years smoking (date of survey/quit date minus the initiation date) were assessed. The mean score of cigarettes per day was multiplied by the total number of years smoked to obtain an estimate representative of cigarettes smoked over the lifetime. Finally, the data were converted into a 3-point Likert scale: individuals who never smoked (Category 0), who had a score between 1 and 500 (Category 1), and who had a score higher than 500 (Category 2). Please note that the resulting score is arbitrary because we did not multiply it by days smoked but by years smoked; so to obtain the total number of cigarettes in a lifetime, the number would have to be multiplied by 365 days per year. Frequency of alcohol consumption (daily, three to four times a week, about weekly, about monthly, less often, and never) and the average amount (in standard drinks) of alcohol consumption during the past 12 months were assessed. From these items, the average number of drinks per month (during the last 12 months) was calculated and converted into the following categories: never drank (Category 0), up to 10 drinks per month (Category 1), 10 to 30 drinks per month (Category 2), 30 to 100 drinks per month (Category 3), and more than 100 drinks per month (Category 4). Finally, individuals were asked how they would rate their commitment to sport/exercise during life and were classified accordingly as nonexercisers (no commitment to sport/exercise), occasional exercisers (exercised at least once a week or had an occupation involving walking and manual work for at least 5 hours a week), or as exercisers (exercising at least three times a week). Body mass index (BMI) was calculated from the height and weight information obtained in the original mailed survey. Selfreported current height and weight have been shown to be highly accurate (36) . 
Statistical Analysis Survival Analysis
For mortality analyses, the number of months of survival from entering the study (between 1993 and 1995) to date of death or censoring (for individuals who were still alive at follow-up in 2010) was calculated. A variable indicating the censor state (deceased versus censored) was included to distinguish between individuals who were deceased during the study and individuals who were still alive. Cox proportional hazards regression analysis, a partial likelihood method of estimation taking the number and rank order of deaths into account, as implemented in Stata/SE 11.0 (37), was used to calculate hazard ratios (HRs). A HR represents the effect of a one-unit change in the predictor score (e.g., personality) on the base mortality risk (raw hazard of mortality) during the follow-up period. (Please note that the base mortality risk is relative and may be very small.) For categorical predictors (some of the covariates), the HR represents the difference in mortality risk compared with the reference group (e.g., obese versus normal). To correct for the possible association between the life spans of related individuals (e.g., twins), robust estimators of variance were computed using the cluster option in Stata (37) .
Two models were fitted for every trait separately. The baseline model explored the relationship between personality and mortality containing only age and sex as covariates. The second model also included correction for the effects of SES, smoking, drinking, exercise behavior, and BMI to explore whether the relationship between personality and mortality may be mediated by any of these variables. Subsequently, we also fitted a multivariate model including all five traits in the same model to test whether the associations of the different personality traits with all-cause mortality were independent from each other. In line with the Stata guidelines (38) , all categorical variables (smoking, drinking, BMI, and exercise) were included as dummy variables. The selection of covariates was based on previous studies showing that each of the variables may have a significant effect on mortality and may also be related to personality. To avoid losing data, missing entries for any of the covariates were substituted with the sample mean. The proportional hazards assumptions (the assumption that covariates multiply hazard) were tested based on Schoenfeld residuals (38) . p values THE PERSONALITY-MORTALITY RELATIONSHIP Psychosomatic Medicine 74:16Y22 (2012)for all four personality traits and for the covariates were nonsignificant (ranging between .19 and .92), indicating that the assumptions were not violated and that the model was specified correctly.
Genetic Modeling
For genetic modeling analyses, the liability distribution of a trait is assumed to be continuously normal, receiving contributions from both independent normally distributed genetic and environmental effects. In the classic twin design, variance in and covariance between traits can be partitioned into that due to genetic (additive [A] and dominant [D] ) and environmental (shared within twin pairs [C] and nonshared [E]) influences. Normally, twin correlations can be explained by a combination of these four parameters, and structural equation modeling can be used to determine the combination that best explains the observed data. This is possible because different patterns of MZ and DZ twin pair correlations predict the portions of A, C, D, and E influences. However, C and D influences cannot both be estimated in the same model because they are confounded. In addition, this method is based on the assumption that trait-relevant environments are the same for MZ and DZ twin pairs and that the only difference between MZ and DZ twins is their genetic resemblance, with MZ twins sharing all their genes as opposed to DZ twins who share (on average) only half their genes.
To explore genetic and environmental influences on longevity accounting for censored data, a general mixed-effects Cox proportional hazards model (39) was fitted using the coxme function from the Kinship package for R (40) . The makekinship function was used to create the relationship (A) matrix for the pedigree. Because this software does not consider MZ twin pairings and instead treats MZ twins as normal siblings, manual adjustments were made to correct these genetic relationships (i.e., doubling the genetic relationship for MZ twins). The C and D were created similarly. Specific hypotheses regarding the significance of particular parameters in the saturated model (estimating all parameters) can be tested statistically by comparing the goodness-of-fit of various models using likelihood ratio statistics. In the present study, we fitted an ACE and an ADE model first and subsequently compared the fit of more restricted models (e.g., AE only) to explore heritability of mortality.
To explore genetic and environmental influences underlying the covariation between personality and mortality, the cross-twin cross-trait HR has been calculated, meaning that the HR for mortality of one twin is predicted based on the co-twin's personality score for MZ and DZ twins, respectively. If the covariation between the traits was due to genes, we would expect a significantly stronger relationship between the personality score of one twin with the mortality risk of the co-twin in MZ twins (i.e., the prediction would be much more accurate) compared with DZ twins. Table 1 shows summary statistics for the personality traits, risk factors, and survival time in the study. At follow-up, 485 women (19% of all women) and 296 men (25% of all men), 781 individuals in total (21% of the total sample), had died. Of these individuals, five were excluded because they died of nonnatural or violent causes. Of the remainder, 220 individuals had cancer as an underlying cause of death, 206 individuals had heart disease as an underlying cause of death, 26 individuals had both disorders as underlying causes of death, and the rest had either died of other causes or cause of death was not specified. Table 2 shows information on death status by zygosity. Table 3 shows the results of survival analyses for the five personality traits adjusted for age and sex (Model 1) and for all covariates (Model 2). As expected, age and sex had a significant effect on mortality, with the HR increasing with age (12% per year) and being male (36%). We also tested for an age-sex interaction, but this was not significant. Aside from a slight decrease in significance with adjustment for all covariates, the findings did not differ between the two models. The fully adjusted model shows that extraversion was inversely related to all-cause mortality with the risk of death decreasing 3% per unit increase of the extraversion score. In contrast, psychoticism and pessimism (or optimism) were positively related to all-cause mortality with a 36% and 39% increase in risk of death per unit increase in psychoticism and pessimism, respectively. There was no significant effect of neuroticism or social desirability on all-cause mortality. Tables 3 and 4) , the score has been reflected.
RESULTS
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Thus, overall, the association between personality trait and risk of death did not change after adjusting for the different covariates, indicating that the covariates only had a marginal effect. Apart from age and sex, only heavy smoking was a significant independent predictor of all-cause mortality in the fully adjusted model. No significant interaction effects among the covariates could be detected. The results did not change when, subsequently, the analyses were repeated with all five variables in the same model (results not shown). When men and women were modeled separately (results not shown), none of the personality traits (when adjusted for all covariates) were significantly related to death, most likely because of the reduction in power.
Genetic Modeling C and D could be dropped without significant loss of model fit, indicating that an AE model fitted the mortality data best. Additive genetic influences were small but significant ($W 2 = 10.06, df = 1, p G .01), with a heritability estimate of 7%. Table 4 shows the cross-twin cross-trait HRs for extraversion, psychoticism, and pessimism/optimism. The only significant HR was for the pessimism/optimism measure for MZ twins. There was no significant difference in HRs between MZ and DZ twins; however, there was a trend for slightly higher HRs in MZ compared with DZ twins in psychoticism and pessimism (optimism). The wide and overlapping confidence intervals indicate low power for these analyses.
DISCUSSION
In the present study, we aimed to a) replicate and extend previous findings on the relationship between five personality traits (pessimism/optimism, extraversion, neuroticism, psychoticism, HR = hazard ratio; MZ = monozygotic; DZ = dizygotic; CI = confidence interval. a Optimism/pessimism was scored as a one-factor bipolar scale.
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and social desirability) and all-cause mortality, b) estimate the heritability of longevity in an Australian sample, and c) investigate the extent that the personality-mortality relationship is due to common genetic or environmental influences. Cox proportional hazards regression model of the five personality traits adjusted for age and sex showed that mortality risk was significantly greater in individuals low in optimism or extraversion or high in psychoticism, whereas neuroticism and social desirability showed no association with all-cause mortality. This indicates that extraversion and optimism may serve as protective factors, whereas a high score in psychoticism is a risk factor. Our findings remained unchanged after adjusting for potential confounders, indicating that the personality-mortality relationship was not significantly mediated by behavioral choices such as exercise, smoking and drinking behavior, and BMI or by SES. Furthermore, when the analysis was repeated with all five variables in the model, results were comparable, suggesting that the associations of extraversion, psychoticism, and optimism with allcause mortality were largely independent.
In line with the present results, previous studies have shown that extraversion and optimism serve as protective factors against mortality (2, 3, 11) . This is generally explained by the following (3): first, high extraversion and optimism are associated with external attribution style, positive emotions, and higher self-esteem (41, 42) , which, in turn, may reduce the impact of environmental stressors (42, 43 ). Second, a high level of extraversion is associated with reduced risk of incident disability, chronic diseases, and bereavement (44), strong risk factors for mortality in the elderly (45, 46) . Third, extraverted and optimistic individuals tend to be more sociable and active and have more social contacts (individuals with pleasant personality traits may attract more people) (42) , which, in turn, has been shown to be a protective factor against stress and disease (42,43) and has been associated with longevity (47, 48) . Another explanation, supported by several studies, is the behavioral differences between optimistic and pessimistic individuals, such as optimistic individuals adopting more effective and favorable coping strategies in demanding situations (49, 50) and more actively engaging in health-promoting behavior, that is, taking vitamins, having a better diet, and avoiding potential risk areas (42, 46) .
Our finding of no relationship between neuroticism and mortality is in line with some studies (3, 12, 15, 17) , whereas others report a positive relationship (5, 11, 16) and some even found a protective effect of neuroticism on mortality (7, 8, 13 ). An explanation for these contradicting findings could be that the harmful effect of stress or negative emotions on longevity in individuals scoring high in neuroticism may be canceled out by a protective role of this trait against mortality by increasing the motivation for physician visits (3) .
Finally, the new finding of a relationship between psychoticism and all-cause mortality, suggesting psychoticism to be a risk factor, is in line with a study (51) reporting some indication of an increased risk for myocardial infarction in individuals scoring high on psychoticism. In addition, high scores on the psychoticism scale have been associated with a lack of health protective behavior (52) , which, in turn, may explain the higher mortality risk. Furthermore, individuals high in psychoticism have been described as solitary, not caring, insensitive, having difficulty fitting in, troublesome, inhumane, cruel, and lacking feelings such as empathy (53) , all traits associated with social stress, negative emotions, and low level of social support. Interpreted in line with the "diathesis-stress to resilience model" (54, 55) -proposing that there are important associations between personality traits, stress, and health outcomes -extraversion as well as optimism may serve as enhancers of resilience, while psychoticism may decrease resilience and immune functions which in turn may decrease life-expectancy. Despite neuroticism not being related to mortality in the present study, it has been known to be associated with an increased vulnerability to stress. As explained previously, this expected negative effect might be in conflict, although with a protective role of neuroticism resulting in mixed study findings.
Social desirability is generally not included in studies using the Eysenck Personality Questionnaire because, apart from measuring social conformity, it is mainly used to detect malingering or inaccurate self-assessment. We decided to include the trait because social conformity or desirability may also be related to mortality. However, our results showed that it seemed to have no effect on longevity.
Heritability of life span/longevity was 7% in our sample, which is rather small compared with past studies (mainly conducted in Scandinavian cohorts), reporting heritability estimates ranging between 20% and 54% (22Y26). There is no other Australian study exploring heritability of life span. However, this small estimate is most likely due to the high proportion of censoring (79%) in the present sample effectively increasing our E component. The fact that the present sample consisted of a relatively young cohort (born between 1899 and 1944) may also affect heritability. For example, the health system, medical and pharmaceutical products, and quality of life have much improved during the last 100 years, meaning that much more ''life-prolonging'' methods are available, which, in turn, might decrease the twin correlations for date of death, increasing nonshared environmental influences. Similarly, many disorders fatal not too many years ago may now easily be diagnosed and treated (e.g., diabetes).
The present study is the first to explore the genetic architecture underlying the relationship between personality traits with longevity. The only significant cross-twin cross-trait HR was for pessimism in MZ twins, indicating that the pessimism/optimism score of one twin was a good predictor of the mortality risk of the co-twin, with a 58% risk increase for one twin, with each score increase in pessimism of the co-twin. Although not significantly different, most likely due to a lack of power caused by subdividing a sample, already short on individuals who actually have died during follow-up, into even smaller subgroups (MZ/ DZ twins), the trend toward higher MZ compared with DZ HRs in pessimism/optimism and psychoticism suggests possible genetic influences in the covariation of these traits with longevity.
Based on our study design, we cannot draw any conclusions regarding the causality of the relationship between personality and survival. Although personality may directly influence longevity, there also could be underlying pathways mediating the relationship, and finally, approaching death may influence personality. However, the latter explanation is the least likely because personality has been shown to be a relatively stable trait throughout one's lifetime (34, 53) , and also, the mean survival time in the present study (of the individuals who died during the study time) was approximately 9 years, which would mean that personality started to change on an average of 9 years before death, which would seem to be a long period and therefore rather unlikely. This highlights the importance of a long follow-up period for future studies exploring the personality-survival relationship.
Our results must be interpreted recognizing the limitations of our study. Despite the relatively large study sample, the low prevalence of mortality (21%) necessarily reduced precision of estimated parameters. The overlapping confidence intervals for MZ and DZ cross-twin cross-trait HRs indicate that partitioning the variance into genetic and environmental components would be compromised. However, we intend to keep following up the present sample, so power will increase eventually. Furthermore, the fact that, of all covariates (apart from age and sex), only heavy smoking had a significant effect on longevity could also be influenced by the way the covariates were scored. For example, because alcohol consumption was assessed during the past 12 months only, individuals who engaged in heavy drinking before that period and then stopped would have been categorized as nondrinkers. In addition, the exercise questions included in the baseline questionnaire focused on exercise behavior over lifetime. Although physical activity patterns have been shown to be fairly stable over lifetime (56) , they can change in different periods of life, which may result in misclassification of those individuals who exercised a lot when they were younger and stopped when they got older or vice versa. Another reason for the nonsignificant effect of the covariates could be that, of the final sample, between 11% (BMI) and 24% (drinking) of the scores, depending on the variable, were missing and were replaced with the sample mean of the specific variable to prevent the loss of valuable information. However, despite being nonsignificant, the covariates clearly showed a strong trend toward the expected influence. Finally, another possible limitation of this study is that, with the model applied to the data, we did not account for the possibility of gene-environment interaction or correlation but only explored the influence of main genetic and environmental effects.
Findings of the present study may assist the development of effective intervention strategies in the elderly to facilitate healthy aging and longevity. The finding that some personality traits, independently of life-style/behavioral choices, serve as protective or risk factors for mortality, and the indication that the covariation between personality and mortality may largely be due to environmental influences shows that it potentially could be possible to influence longevity by facilitating change in these traits. For example, therapeutic interventions (e.g., cognitivebehavior therapy) may help individuals with unfavorable personality traits in longevity to change their thought processes and resulting behavior toward more positive or favorable qualities and thereby enhancing their ability to cope with stress. This, in turn, may facilitate healthy aging.
In summary, we found a significant relationship between extraversion, psychoticism, and optimism and life span, with extraversion and optimism significantly reducing and psychoticism increasing mortality risk. Neuroticism and social desirability seemed to be unrelated to longevity. Heritability of life span in the present sample was estimated to be rather low with 7%. There was some indication for genetic influences underlying the relationship between the psychoticism and optimism, and longevity, although larger studies are needed to confirm this.
